Abstract -Lumazine derivatives (6 -8), appended with ethynyl groups in positions 7 and 8, were synthesized and examined for their ability to undergo Bergman cyclization. Oxo compound (7) was found to give good yields of Bergman cyclization products (≈ 37 %), whereas the analogues (6) and (8) did not cyclize as efficiently or gave no identifiable cyclization products.
In the mid 1980s studies on this reaction underwent a renaissance with the structural elucidation of a series of naturally occurring antibiotics whose cytotoxic activity was associated with a Bergman cyclization. 2 Semmelhack et al. 3a demonstrated that the cyclization of anthraquinone (1) underwent cyclization faster than dihydroanthraquinone derivative (2) , suggesting a role for electron deficiency in the activation of enediynes towards Bergman cyclization (Scheme I). This idea has further been supported by other quinone / dihydroquinone pairs 3b and additional reports. Our group has recently undertaken the examination of enediyne chimera, where the double bond of the enediyne has been incorporated into a heterocycle. Emboldened by our previous results on the activating ability of heteroarenes, 5 we decided to begin investigations on enediyne chimeras of biologically relevant heterocycles. Our initial focus has been on lumazine analogues (6 -8, Figure 1 ). Lumazines arise in nature from the metabolic degradation of pterins. 6 Lumazines have been of interest recently for their fluorescent properties and their potential use as reporter groups in DNA probes. 7 Lumazine can exist as two tautomers, but it is generally thought to exist as the oxo form in aqueous media (5, Scheme II). The oxo and hydroxy tautomeric forms can be considered analogous to an electron deficient quinone and aromatic dihydroquinone, respectively. Thus, it might be anticipated that the oxo tautomer would cyclize more rapidly than the hydroxy tautomer. To examine the reactivity of the tautomers, independent of equilibration, N-methyl derivative (7) and O-methyl derivative (8) were prepared to emulate the oxo and hydroxy forms, respectively. Freely equilibratible 6 was also prepared for comparison.
Compounds (6) and (7) were prepared as shown in Scheme III. Condensation of known diketone (11) 8 with diamine (9) or (10) gave protected enediynes (12) and (13) in 75 % and 70 % yields, respectively.
Compound (6) 9 was obtained by deprotection with TBAF in 80 % yield. N-methyl derivative (7) 10 was obtained from 13, again by TBAF deprotection (80 %). Methoxy derivative (8) 11 was prepared by the same condensation strategy (Scheme IV). Nitration of 6-chloro-2,4-dimethoxypyrimidine (14) followed by nucleophilic substitution afforded 15. After catalytic hydrogenation, the crude intermediate was condensed with diketone 11, to give the putative enediyne (16). The final product (8) was obtained in a 48 % overall yield after deprotection.
Scheme IV. a) NaNO3, H2SO4, 80°C, 5 h (90 %); b) NH4OAc, THF, reflux, 5 h (95 %); c) H2, 10 % Pd/C, CH3OH, rt, 5 h; d) 11, mol sieves, CH3CO2H, rt, 30 min (70 %, 2 steps); e) (n-C4H9)4NF, THF -78°C, 30 min (80 %).
Arenediynes (6 -8) were examined for their ability to produce Bergman cyclization products (17 -19), respectively (Scheme V, Table 1 ). 12 The attempted cyclization of 6 did not yield any of the cyclized product (17) under the conditions tested (Entries 1 and 2). The 1 H NMR spectra of the major product hypothesized, that the rate of cyclization is faster for the oxo tautomer than for the fully aromatic hydroxy tautomer. The half-life for 6 under the same conditions was found to be 5.5 min (Entry 2). This half-life, however, clearly does not correspond to a Bergman cyclization.
Summary.
A series of lumazine -enediyne derivatives which represent the tautomeric forms of lumazine were prepared. The N-methyl analogue (7) gave better yields of Bergman cyclized products than the cyclized faster than the fully aromatic species (8) . The difference in rates between 7 and 8 suggests that tautomerization might be used as a trigger to initiate Bergman cyclization for appropriate systems.
Compound (6) 12. The authenticity of 17 and 18 was confirmed by comparison of the products to commercial alloxazine and synthesized 1,3-dimethylalloxazine, respectively. Compound (19), prepared from the cyclization of 8, showed all expected spectral characteristics. 13. The half-lives were determined by HLPC by comparison of the absorption of the starting material vs.
that of a naphthalene internal standard over time as described in reference 5.
